We hypothesised that the established association of endothelial lipase (EL) plasma levels with atherogenic lipid profile is altered in acute heart failure (AHF) and additionally affected by overlapping metabolic syndrome (MetS). We examined the association of EL plasma levels and lipid/lipoprotein plasma levels in AHF patients without and with overlapping MetS. The study was performed as a singlecentre, observational study on 152 AHF patients, out of which 85 had overlapping MetS. In the no-MetS group, EL plasma levels were significantly positively correlated with plasma levels of atherogenic lipids/lipoproteins, including total cholesterol, low-density lipoprotein (LDL)-cholesterol, total LDL particles and triglycerides, but also with plasma levels of antiatherogenic high-density lipoprotein (HDL)-cholesterol, total HDL particles and small HDL particles. In the MetS group, EL plasma levels were positively correlated with triglyceride and small LDL-particle levels, and significantly negatively correlated with plasma levels of large HDL particles as well as with LDL-and HDL-particle size, respectively. EL-and lipid/lipoprotein-plasma levels were different in the no-MetS patients, compared to MetS patients. The association of EL with atherogenic lipid profile is altered in AHF and additionally modified by MetS, which strongly modulates EL-and lipid/lipoprotein-plasma levels in AHF.
Impact of venous overload on EL and lipid/lipoprotein plasma levels.
Considering the role of venous congestion in the deranged lipid metabolism in HF, together with the increased EL and metabolic perturbations in MetS, we examined whether venous volume overload affects EL-and lipid/lipoprotein-plasma levels, and whether the impact of venous volume overload is modulated by MetS. For this purpose we compared EL-and lipid/lipoprotein-plasma levels in the no-MetS and the MetS patients, having none vs. any one or more of the three signs implying volume overload (enlarged liver, peripheral oedema or ascites), as a consequence of rightsided HF. Within the no-MetS group, plasma levels of EL, total cholesterol, LDL-cholesterol, HDL-cholesterol and LLDL-p were significantly decreased in patients with sign(s) implying volume overload (Table 4 ). This was not observed in the MetS group (Table 4 ). Triglyceride-, THDL-p-and SHDL-p-plasma levels were significantly decreased in both the no-MetS and MetS groups, and plasma levels of SLDL-p were decreased only in the MetS group with sign(s) implying volume overload, compared to patients with no sign(s) ( Table 4 ).
Discussion
We hypothesised that the reported association of EL and increased plasma triglycerides, total cholesterol and apoB-containing lipoproteins, as well as with decreased HDL-cholesterol plasma levels 8, [15] [16] [17] , is altered in AHF and additionally affected by MetS. To test our hypothesis, we examined the association of EL plasma levels with plasma lipids/lipoproteins in AHF patients without and with overlapping MetS. To our knowledge, this is the first study on EL and its association with plasma lipids/lipoproteins in AHF.
Disturbed haemodynamics and related volume overload with concomitant venous congestion have been found to be associated with impaired renal function, impaired absorption of water, electrolytes, and glucose, as well as decreased plasma levels of lipids and lipoproteins in HF patients 19, 22 . Decreased lipid synthesis or decreased absorption, likely due to venous congestion may underlie the reportedly decreased lipid and lipoprotein levels in HF 19 .
We found a strong positive correlation between EL plasma levels and plasma levels of lipids and lipoproteins primarily in the no-MetS group (Table 3) . Positive associations with total cholesterol, LDL-cholesterol and triglycerides are in accordance with previous findings 8 . However, a strong positive association of EL with HDL-cholesterol-, THDL-p-and SHDL-p-concentrations was in sharp contrast to previous studies reporting either no 7, 23 or a negative association of EL with HDL-cholesterol-and HDL-p-plasma concentrations 8, [15] [16] [17] . A possible explanation for this finding might be that the observed relationship does not reflect the enzyme-substrate interaction but rather a concomitant regulation of EL-and HDL-levels into the same direction by the underlying AHF pathophysiology. Indeed, the levels of EL, HDL-cholesterol, THDL-p and SHDL-p, but not LHDL-p, were decreased by venous volume overload in the no-MetS group, in which the levels of SHDL-p were slightly affected by HF severity ( Supplementary Table S2 ). However, partial correlation analyses revealed only a weak overall impact of venous volume overload ( Supplementary Table S3 ) and HF severity ( Supplementary Table S4 ) on the correlation between EL-and lipid/lipoprotein plasma levels in the no-MetS group. Observed positive correlation between EL and SHDL-p plasma levels, but no correlation with LHDL-p levels and HDL-s in the no-MetS group ( Table 3 ) suggests a disruption of the established relationship between EL and HDL, whereby EL, by acting on HDL, converts LHDL-p into SHDL-p 16, 24 . This finding is in line with a recent report on metabolic studies in humans, suggesting that complex multiple-sized HDL-p are simultaneously secreted from liver cells, whereby Table 3 . Spearman correlation of EL plasma levels with plasma lipids and lipoproteins. HDL-high density lipoprotein; LDL-low-density lipoprotein; LVLDL-p -large very low-density lipoprotein particle; TLDL-p -total LDL particles; LLDL-p -large LDL particles; SLDL-p -small LDL-p; THDL-p -total HDL-particles; LHDL-p -large HDL-p; SHDL-p -small HDL-p; VLDL-s -VLDL size; LDL-s -LDL size; HDL-s -HDL size. Significant associations are depicted in bold.
extracellular HDL remodelling represents a minor contribution to HDL-class diversity 25 . Notably, the EL mass determined in the present study may not necessarily be related to EL activity, which has been shown in a recent study to be negatively correlated with HDL-cholesterol in both healthy and MetS subjects 9 . Furthermore, since EL presents mainly phospholipase activity, the association of EL levels with HDL cholesterol content and size does not exclude the catabolic role of the enzyme. In the MetS group, where plasma levels of neither EL nor LHDL-p were significantly modulated by venous volume overload, EL was significantly negatively correlated with LHDL-p (Table 3 ). This is in line with increased HDL particle plasma concentrations in patients with partial and complete loss-of-function mutations in the EL gene as well as in EL genetic variants exhibiting decreased EL activity 15, 16 .
Although the positive correlation between EL and SHDL-p was not significant a significant negative correlation between EL plasma levels and HDL-s in the MetS group (Table 3) corroborates the established role of EL in the generation of SHDL-p 16 .
It is important to note that besides EL, LPL and hepatic lipase (HL) shape the serum lipoprotein profile in healthy subjects and MetS patients 9 . Considering the decreased LPL activity in MetS together with its role in the HDL biogenesis 26, 27 it is possible that the negative correlation of EL and LHDL-p is, at least in part, a consequence of the decreased LPL activity in MetS patients. Similarly, the strong positive correlation between EL and triglycerides in the MetS group is most likely the reflection of the concomitant increase in EL and triglycerides, the latter due to decreased LPL activity 28 , a consequence of low-grade inflammation in MetS. A previous study revealed no association between EL levels and HDL subclasses in healthy subjects 29 . The discrepancy between those results and ours might partly be due to different methodologies used for the evaluation of HDL subclasses namely NMR-spectroscopy used in our study, and the lipoprotein precipitation method 30 used in theirs 29 .
Previous studies showed altered SN1 lipase activities in obesity and a pronounced influence of the degree of insulin resistance on EL activity 9 . Furthermore, the association of EL plasma levels with HDL-cholesterol-and HDL-phospholipid-levels, that is present in non-obese subjects, was not observed in subjects with excess adipose tissue levels 17 . Considering the influence of adiposity on lipoprotein size and subclass concentrations 31 , as well as on EL plasma levels 17 together with increased EL phospholipase activity in obese and insulin resistant subjects 9 , we assumed that a higher BMI and the pronounced positive correlation between EL and BMI in the MetS group (unadjusted: rho = 0.29, p = 0.008; adjusted for T2DM: rho = 0.27, p = 0.016) might, at least in part, explain the different associations between EL-and lipid/lipoprotein-plasma levels in the MetS and no-MetS groups. However, partial correlation analyses showed only a weak impact of BMI ( Supplementary Table S5 ), waist circumference ( Supplementary Table S6 ) and T2DM ( Supplementary Table S1 ) on the correlation between ELand lipid/lipoprotein plasma levels in both the no-MetS and the MetS group. Increased EL levels and altered lipid/lipoprotein levels in MetS might be responsible for a less pronounced impact of venous volume overload on EL-and lipid/lipoprotein-levels in the MetS patients than in the no-MetS patients. The significant positive association of EL-and SLDL-p-levels and the significant negative association of EL and LDL-s in the MetS group is in accordance with the promotion of the catabolism of apoB-lipoproteincontaining lipoproteins observed in a hyperlipidaemic mouse model 32 . The results of our study regarding EL can be compared with a previous study, which revealed a positive association of HL and small, dense LDL-p 33 .
While we found no correlation between EL and IL-6 plasma levels (not shown), a significant positive correlation was established between EL and CRP, but only in the MetS group (rho: 0.24; p = 0.032). The absence of correlation in the no-MetS group could be due to the pathophysiology of the underlying volume overload, causing a pronounced significant increase in CRP ( Supplementary Fig. S1 ) with concomitantly decreased EL (Table 4) .
This study has several limitations: The insufficient quality of NMR-spectra obtained for some lipoprotein subfractions resulted in differing numbers of patients in which particular lipoprotein subfractions could be analysed. Although previous studies showed that pre-and post-heparin EL plasma levels are highly correlated 8 or similar 34 , the possibility cannot be excluded that post-heparin EL plasma levels would be differently affected by AHF-associated pathophysiological conditions and MetS compared to our findings with pre-heparin EL plasma levels. Furthermore, considering EL polymorphisms associated with decreased EL enzyme activity 15, 16 , together with possibly altered plasma levels of EL inhibitors, such as angiopoetin-like protein 3 35 or protein convertases 36 in AHF, the association of EL activity with plasma lipids/lipoproteins 9 might be different from what was found for the EL mass in this study. The study examined only the relationship between EL and HDL levels without addressing HDL functionality, a factor that is more important than HDL levels 37 , and can be studied by a variety of available experimental methods 38 . Based on our results, we conclude that the association of EL and atherogenic lipid profile is altered in AHF and additionally modified by MetS, which also strongly modulates EL-and lipid/ lipoprotein-plasma levels in AHF.
Methods
Study design and patients. The AHF study was performed as an observational single-centre study and included consecutive white adult hospitalised AHF patients. The study was approved by the Ethics Committee of the University Hospital Centre Sisters of Charity, Zagreb, and of the Medical University of Graz. The investigation conforms with the principles outlined in the Declaration of Helsinki principles 39 , and informed consent was obtained in compliance with Good Clinical Practice. 152 patients were recruited from November 2013 to February 2015 as described 40 . Categorisation of the patients was performed according to the European Society of Cardiology (ESC) and ACCF/AHA Guidelines for HF [41] [42] [43] and patients were treated by the standard ESC Guidelines for AHF 42, 43 . MetS was defined as the manifestation of three or more of the following five abnormalities: central obesity, hypertriglyceridaemia, lowered HDL-cholesterol, glucose intolerance or elevated fasting glucose and hypertension 44 . Hypertension was diagnosed according to the ESC criteria 45 . Diabetes was diagnosed in patients with dietary treatment, antidiabetic medication or current fasting plasma glucose levels higher than 7.0 mmol/L 46 . Hypercholesterolaemia was defined as LDL-cholesterol levels higher than 3.5 mmol/L, or taking a lipid-lowering drug and hypertriglyceridaemia was defined as triglyceride levels higher than 1.7 mmol/L. Patients were also classified according to three signs implying volume overload (enlarged liver, peripheral oedema or ascites) as a consequence of right-sided HF into those having none of the signs (no sign(s)) and those having at least one sign (sign(s)). Patients with severe renal failure (serum creatinine ≥400 mmol/L), renal replacement therapy, hepatic cirrhosis, malignancy, trauma, surgical diseases, pregnancy, major systemic disease or younger than 18 years were not included in the study.
Laboratory assays. For routine laboratory assays blood was obtained at admission to the hospital. It was collected in 6 mL tubes, VACUETTE ® Z Serum Clot Activator (Greiner Bio-one GmbH, Kremsmuenster, Austria). The serum aliquots were stored at −80 °C. The Beckman Coulter instrument AU 2700, 2007 (Brea, CA, USA) and Architect c8000, Abbott 2013 (Chicago, IL, USA) were used to measure total plasma cholesterol, LDL-cholesterol, HDL-cholesterol, triglycerides and CRP. A specific chemiluminescent ELISA (QuantiGlo; R&D Systems, Wiesbaden-Nordenstadt, Germany) was used to measure IL-6 concentrations and with Human Endothelial Lipase Assay Kit (TaKaRa, Takara Bio Europe S.A.S., Saint-Germain-en-Laye, France) were measured pre-heparin EL protein levels, according to the manufacturer's instructions.
Lipoprotein profiling by Nuclear Magnetic Resonance (NMR) spectroscopy. The lipoprotein
profiles of 138 serum samples were analysed with the AXINON ® lipoFIT ® -S100 test system (Numares Health, Regensburg, Germany). NMR spectra were recorded at a temperature of 310 K on a shielded 600 MHz Bruker Avance III HD spectrometer as described 47 . To ensure data quality only spectra meeting defined quality criteria were used for analyses. The number (n) of analysed samples is indicated in Table 2 .
Statistical analysis. Categorical data are shown as absolute and relative frequencies, and continuous data are presented as mean and SD or as median and range (minimum to maximum) depending on distribution. The differences between patients with and without metabolic syndrome were assessed by t-test or Mann-Whitney U test for continuous parameters and by Fisher's exact test for categorical parameters. In addition, the differences between patients with and without sign(s) implying volume overload were assessed within the groups using Mann-Whitney U test. The Spearman correlation coefficients were calculated to evaluate the correlation of EL plasma levels and laboratory parameters. In addition, the differences between patients with and without sign(s) implying venous volume overload (enlarged liver, peripheral oedema or ascites), were assessed within the metabolic syndrome groups using Mann-Whitney U test. Furthermore, the impact of T2DM, sign(s) implying venous volume overload, BMI, waist circumference and NYHA classes (2/3 vs. 4) on the correlations between EL and lipid parameters was assessed by means of partial correlations. A p-value < 0.05 was considered statistically significant and results are to be interpreted in an exploratory fashion. All data were analysed using R version 3.3.1.
